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ModtagetPVS 
2 f MRS. 2003 

METHOD FOR HHRH THROUGHPUT VOLUMES IN THE FRACTIONATION OP BIO- 
MOLECULES BY CMROMATOGRAPHIC SYSTEMS 

FIELD OF INVENTION 

The invention relates to an industrial scale chromatographic process for fractionation and 
isolation of bio-moiecules from fluids, e.g. proteins from milk and whey in a cost-effective 
manner. The process allows for processing large volumes of fluid in a short time and for 
Improved adsorbenjc efficiency by means of operating the process at high temperature and 
high flow rate. 



10 BACKGROUND Ol THE INVENTTION 



Generally, a very 
fractionation and/o|r 
lipo-protelns, cefts 



broad I 



range of different chromatographic processes for industrial scale 
isolation of biological molecules such as proteins, lipids, saccharidesr 
and celts constituents are available. 



15 When utilising chro matographic processes for industrial scale production, the production . 
efficiency and ecoh:>micaiiy consequences Is a matter of strong considerations. Many 
attempts have bee 1 made In order to improve the efficiency of chromatographic processes, 
for Instance by pro fiding adsorbent particles of smaller sizes. Increasing the surface of the 
adsorbent particle ^o as to Improve the adsorptive capacity of the adsorbent towards a bio- 



20 molecule. 



still 



However, there is 
Industrial scale production 
isolating or fractionating 
25 example, the concqntratlon 
between 80-200 
history of the 



\ skimi ned 



mj/l 



a need for improving the efficiency of chromatographic processes for 
In particularly higher productivity may be requested upon 
bio-molecules from fluids with lower content of bto-moiecules* For 
of (actoferr In in bovine skimmed milk Is usually small, typically 
depending on e.g. the pasteurisation and other pre-treatment 
milk. 



Thus, a process alldwing 
30 Isolation of lactofer In 
fractionating lactof<»rrin 
Furthermore, fracti mation 
method for lsolatioi|i 
carried out using 

35 



for higher productivity Is of particular interest In fractionation and 
from milk or whey. WO 02/0962X5 relates to a method for 
from milk or whey using flow rates about 200 to 900 cm/hr. 
of (mmunoglobutlns is of interest. WO 96/08603 relates to a 
of immunoglobulins. Conventionally, these methodologies have been 
temperatures in the range of about lO'^C. 
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The present investigators report herein a method for significant Improvement of the 
productivity of chromatographic processes of industrial scale by providing means For 
operating the chromatographic processes with very high flow rates and by providing means 
for improving the £|dsorbent capacity of an adsorbent. Thus, such processes may allow for 
5 more cost effectiv^ fractionation and/or isolation of bio-molecules of interest. 

Patent 5,596,082 cjlscloses an Industrial process For isolation of lactoperoxidase and 
iactoferrin from ml(lc and milic products with paclced bed chromatography using a strong 
cation exchanger {I^P sepharose Big Beads from Amersham). The chromatographic beads 
10 described for the process have a mean particle size In the range of 100- 300 microns and 

working flow rates ^n the range of 2000 - 3000 cm/hr may be used. 

* 

SUMMARY OF INI^ENTION 

The present Invention relates to a chromatographic process capable of processing very 
15 large volumes of bijo-molecule containing fluids in a short time and capable of providing 
high productivity, v|^hile still achieving high purity of the biological molecule isolated by the 
process. This may jie achieved by operating the chromatographic processes at high flow 
rates and at high temperatures. 

20 Thus, in a primary ^spect the Invention relates to a general process for fractionating 
and/or Isolation of jane or more blo-molecuie(s) from a blo-molecule containing fluid 
comprising the steins of: 



a) optionally adjusting the pH of the bio-molecule containing fluid; 

b) optionally bringing the bio-molecuie containing fluid to a temperature of 
between 45^C to 80**C; 

c) applying |3 volume of said bio-motecule containing fluid to a chromatographic 
30 column corrjprising an adsorbent* said chromatographic column Is operated with a 

temperatur^ of between 45°c to 80*C and a linear flow rate of at least 1.500 
cm/hour; 



d) optionally washing the column; 

e) eluting alj least one bio-molecule from the adsorbent. 
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One object of the present Invention Is to provide an improved process for Industrial-scale 
fractionation and/otr Isolation of proteins such as lactoferrin from suitable body fluids or 
fluids derived therefrom including milic and whey, using either packed bed chromatography 
or EBA chromatography. 



BRIEF DESCRIBT^ON OF DRAWINGS 

Figure i shows a 5^S*PAGE illustrating the binding and elutlon profiles of whey proteins 
Isolated with FaslLMie PRO adsorbent In an £BA process. Lane 1 Illustrates the raw sweet 
whey, lane 2 illustn^tes flow through fraction 1 from the column, lane 3 illustrates flow 
10 through fraction 2 flrom the column, lane 4 Illustrates flow fraction 3 from the column, lane 
5 Illustrates the waiih with deminerallsed water, lane 6 Illustrates eluate I at pH 5.3, lane 
7 illustrates eluate I with 20 mM NaOH. 



DETAILED DE5CR|tPTION OF THE INVENTION 

15 The present Investigators provide herein evidence that the temperature used during load 
of bio-molecule conjtalning fluids onto a chromatographic columnsignlficantly improves the 
adsorptlve capacltyjof the adsorbent. As can be derived from example 1, operating a 
chromatographic priocess at a temperature of 50*»C instead of the conventional 10*C results 
In doubling of the absorbent capacity of the adsorbent. Le. the amount (g) of Lactoferrin 

20 adsorbed to 1 1 of adsorbent was doubled. Furthermore, upon operating the 

chromatographic prbcess at 50«C and with flow rates higher than conventional ones (from 
1.500 cm/hr to 3.0(p0 cm/hr), the volume of the blo-molecule containing fluid that can be 
loaded onto the column Increases signlflcantly, while sMI achieving the same high 
adsorbent capacity Jexample 2). Thus, upon Increasing the linear flow rate during loading 

25 of the bio-molecule [containing fluid onto the column, the productivity Increases. 

Productivity might t^e regarded as the amount of blo-molecule that can be adsorbed to 1 
litre of adsorbent ih: 1 hour. As can be seen from example 3, the process time is 
dramatically reduced upon operating the chromatographic process at higher temperatures, 
such as 50" in combination with higher linear flow rate, such as 2.100 cm/hr. 



30 



Thus, the combination of high temperatures and high flow rates seems to be a surprisingly 
promising approad^ in Increasing the productivity of chromatographic systems, in 
particular systems qf industrial scale whera any reduction In costs may be of great 
commercial Importajnce. 



35 
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Accordingly, In a pirtmary aspect the Invention relates to a process for fractionating and/or 
isolation of one or more blo-motecule(s) from a bio-molecule containing fluid comprising 
the steps of: 

5 a) optionally adjusting the pH of the blo-moleaile containing fluid; 

b) optionally bringing the blo-motecule containing fluid to a temperature of 
between 45^0 to 80^C; 

10 c) applying a volume of said blo-molecule containing fluid to a chromatographic 

column contprising an adsorbent, said chromatographic column Is operated with a 
temperatur^ of between 45'*C to 80*'C and a linear flow rate of at least 1.500 
cm/hour; 

IS d) optionally washing the column* 

e) eluting at least one blo-moJecule from the acsorbent. 

Pjo-moigcwte 

20 As defined herein tbe term "blo-mofecule" Is Intended to mean any molecule and entity 
that is obtainable fijom biological origin having a molecular weight of at least 1000 Daitons. 
As is to be understood, the bto-molecule may be obtained by use of synthetically means, 
gene technology and/or fermentation. Furthermore, the bio-molecule may be different to 
that of the blologicar origin because of derivatlsatlon of the bio-molecule. Thus, the term 

25 "bio-molecule may encompasses blo-molecules that are obtainable ^m biological origin 
and derivatives thereof. Typically, such bio-molecules are peptides, proteins, lipids, 
lipoproteins, polysafccharides or mixtures thereof. Furthermore, in some embodiments of 
the Invention the term '"bio-molecule" also encompasses entities obtainable from biological 
origin having a molecular weight of at least 20,000 D, e. g. DNA (plamlde DNA, 

30 chromosomal DNA, virus DNA), RNA sudi as virus RIMA, or viruses them cells, even 
t>acteria. The term ?blo-molecule" is also meant to Include cell constituents and cells. 

It is contemplated that the process acquires practical importance for bio-moiecules of 
higher molecular weight Thus, in some embodiments of the invention, the one or more 
35 blo-molecule(s) has/hdve a molecular weight of at least 1500 Daitons, more preferably of 
at least 2000 Daltoils. 

As may be understcfod, the process of the Invention may be applicable for a broad variety 
of blo-molecules asilong as any adsorbent capable of binding the blo-molecule of interest 
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Is available. Therefore, In embodlnnents of the Invention, the one or more bio-molecule(s) 
Is/are selected fronn the group consisting of peptides, proteins, lipids, lipoprateins, 
polysaccharides, cell constituents, cells or combinations thereof. 

S In interesting embadlments thereof, the one or more bio-molecules is/are selected from; 

• Proteins such as lactoferrin, tmmunogloburins, p-lactoglobulln, a-lactaibumin, 
lactoperoxidase, patatein and other proteins from potatoes, enzymes such lysozymi. 

• Uplds such as phospholipids from milk. 

• Poiysaccliarides such as starches, e.g maize and potato starch, and pectins such as 
10 chitosans. 

Bio-moleculfi ront atnlna fluirf 

The process according to the present Invention Is targeted, at least in part, for industrial or 
large-scare fractionation processes where large volumes must be handled. Of interest are 
15 fluids containing blo-mofecules in low content, such as fluids that othenwise may be 

discharged, e.g. process water containing Interesting bio-molecules, but In too fow content 
in order to attract any commercial Interest. However, blo-molecule containing fluids 
containing high amounts of blo-molecules are not anticipated by the present invention, and 
may constitute further Interesting embodiments. 

20 

in the present context of the Invention, the term "blo-molecule containing fluid* is 
intended to denote a fluid of biological origin or derived therefrom, which comprises at 
least one or more blo-molecule within the context of this Invention to be fractionated, 
partially or wholly purified or isolated on an Industrial or large scale. Typically, such fluids 

25 include body fluids or fluids derived therefrom including milk, skimmed milk, whey or other 
milk derived fluids; blood or fluids derived therefrom; plasma or fluids derived therefrom; 
serum or fluids derived therefrom; lymph or fluids derived therefrom; urine or fluids 
derived therefrom; egg white or fluids derived therefrom; or egg yolk or fluids derived 
therefrom. Also typically, the blo-molecule containing fluid is denoted to indude 

30 fermentation fluids; waste water; process water; plant extracts such as fruit derived fluids; 
tissue extracts such as fish derived fluWs; synthesis mixtures; and fluids derived 
therefrom. 

Accordlnghr, in embodiments of the invention the bio-molecule containing fluid Is selected 
35 from the group consisting of body fluids, fermentation fluids, waste water, process water, 
plant extracts, tissue extracts, synthesis mixtures and ttuids derived therefrom. 

In some embodiments of the inventton, the bio-molecuie containing fluid Is process water 
from the food and/dr feed industry, e.g. process water from the production of starches, e.g 
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potato starch and/or maize starch. In still other embodiments, the blo*mo!ecule containing 
fluid is waste water comprising undesirable organic molecules, such as toxins, allergenes, 
pesticides in that the waste water need to be purified from the containment of such 
undesirable organic molecules before being released to the environment or used for 
5 preparation of drinking water. 

In presently Interesting embodiments, the blo-molecule containing fluid is selected from 
the group comprising of milk, skimmed miik^ whey or any other milk derived fluids. 

10 PH adtustmp-nt 

As may be understood, the blo-molecule containing fluid may before being loaded to a 
chromatographic column need an adjustment In pH depending on the protein of interest, 
the llgand chemistry, and the type of bio-molecule containing fluid. 

15 In some embodlmmts of the present invention the folc>-moiecule containing flukl Is pH 
adjusted prior to b^lng applied to the adsorbent column to facilitate the capture of blo- 
molecule such as a protein by the adsorbent. This pH may be adjusted to a pH value 
selected In the entire pH range, preferably from pH 2- J 3, more preferably from pH 3-11. 

20 Chromatooraphlg coiump 

The chromatographic column to be used may be any kind suitable for either EBA 
(Expanded Bed Adsorption) or suitable for packed bed adsorption or a combination thereof. 
The chromatographic column may be used In either a batch system or In a contlnuos 
system. Thus, In some embodiments of the invention, the chromatographic column is an 

25 expanded bed adsorption column and in still other embodiments, the diromatographlc 
column is a packed' bed adsorption column. 

in the present context the term " chromatographic column" relates to any kind of container 
which can be supplied with at least one inlet and at least one outlet for the application of 
30 the Wo-molecule containing fluid to the column and subsequent eiution of one or more bio- 
molecule of Interest. 

The fact that the E9A technology generally can work ef^clently with non-dartfled fluids 
makes It attractive to implement for the isolation and fractionation of bio-nnoiecules from 
35 fluids such as milk, rwhey fermentation fluids and process water. Compared to packed bed 
adsorption techniques EBA may offer a robust process comprising fewer steps and thus 
result In increased yields and an Improved process economy. Due to the expansion of the 
adsorbent bed during execution of an EBA process, EBA columns may further be scaled up 
to industrial scale without any significant considerations regarding increased back 
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pressures or breakdown of the process due to dogging of the system which often Is a 
problem when using packed bed columns. 

However, the present state of ait wIthJn the EBA technology does not adequately address 
5 the solution of how to process high volumes of fluids, while still achieving high 
productivity. 

General Expansion Bed Adsorption technology is known to the person skilled in the art and 
the process of the present invention may be adapted to the piocesses described In, for 
10 example, WO 92/00799, WO 92/18237, WO 97/17132, WO 9Q/33572, WO 98/08603, WO 
00/57982, WO 01/56924, and WO 02/096215. 

As may be understood, the process may be specific applicable to industrial scale systems. 
Thus, In Interesting embodiments of the Invention, the chromatographic column is a large- 

15 scale chromatographic column comprising at least 10 I of sedimented adsorbent, as may 
be determined as the amount (litre) of adsorbent settled when operating the column 
without flow. In still interesting embodiments thereof, the chromatographic column Is a 
large-scale chromatographic column comprising from about 50 to 100 I of sedimented 
adsorbent. Preferably, the amount of sedimented adsorbent Is from about 100 to 1000 I, 

20 more preferably from about 200 to 900 1, most preferably from about 300 to 800 L 

Furthermore, for Industrial scale production, the chromatographic column has a diameter 
of at least 10 cm, fireferably of at least 20 cm, more preferably In the range of from about 
50 cm to 200 cm, such as 100 to 150 cm. 

25 

Temperature 

As mentioned conventional methodologies within the field of iractionatlng and isolating 
blo-moleojles often uses temperatures about room temperature or lower, such as lO'C. 
However, one objeqtlon of the present invention is to apply higher temperatures in 
30 chromatographic processes Intended for Isolation of bio-molecules, although high 
temperatures may inadversely affect some temperature sensitive Wo-molecules. For 
Instance enzymes that may loose their enzymatic capacity upon being exposed to high 
temperatures, such- as above 40»C. 

35 The temperature of the blo-molecule containing nuld may be important for reasons of 
viscosity in that higher temperatures reduces the viscosity, which in turn means that It is 
easier to run substances through a packed bed column because of less pressure in the 
column. Running an EBA process at high temperature results in a less expanded bed 



APPUCAnON/34625OK0l/r«>A/13B/21.03 03 Last printed 21/03/03 15:02 



8 



FM 21 



Of Mar 2003, 16:13 Sent to: -i-45 43508001 - DKPTO Page 8 Of 29 



8 



meaning that high flow rates can be applied without loosing the adsorbent media In the 
column effluent. 

in currently Interesting embodiments of the Invention, the chromatographic column Is 
5 operated at temperatures of at least 45 However, a upper limit may exist, such as 80»C 
In that even bio-molecules with tolerance for high temperatures may not resist 
temperatures above It Is to be understood, that the use of higher temperatures such 
as 85«C, QO'^C, or 95«C are not anticipated. 

10 As to be understood. In some embodiments of the Invention, the blo-motecule containing 
fluid is equilibrated to the desired temperature belbre being loaded to the column. Thus, 
the process of the invention may include the step of bringing the bio-molecule containing 
fluid to a temperature of between 45*C to such as of between 50* and 70«C. 
However, higher temperatures are not anticipated such as BS^'C, 90*C, or 9S«C. 



In current Interesting embodiments of the Invention, the temperature Is between 50 and 
70 -C. 



20 One major advantage of the Invention relates to the applicability of higher flow rates than 
conventional ones, that may account to about 200 cm/hr. According to the present 
Invention, linear flow rates of from about 1.500 to 12.000 cm/hr may be applicable during 
loading of the bio-molecule containing fluid to the chromatographic column. Preferablyi the 
linear flow rate may be operated within 1.800 to 10.000 cm/hr, such as withrn 2.000 to 

25 10.000 cm/hr, such as within linear flow rales of about 3000 cm/hr. 

The utilisation of higher flow rates allows for loading higher volumes of bio-molecule 
containing fluids within a shorter time than conventionally possible. However, this may 
depend on the size of column adapted. In current suitable embodiments of the invention, 
30 the volume to be applied onto the column Is ftom about 2-3500 l/min* 

In other terms, the efficiency of the process as defined herein may be expressed by the 
volume of bio-containIng fluids that can be applied to 1 litre of adsorbent per hour. Thus, 
In some embodiments of the invention, the volume applied per litre of adsort>ent in one 
35 hour is at least 50 1, preferably at least 100 1, more preferably at least 150 l/mln such as at 
least 200 r/min. 

However, In packed bed methodology, higher flow rates may lead to high pressures within 
the chromatograhlc column, thus afl'ecting the performance of the chromatographic system 
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Including problenis with leak and breakdown of equipment. The present Investigators have 
found that the present process, which operates at higher temperatures such as above 45% 
allows For operating the chromatographic column with a pressure, as measured over the 
entire chromatographic column, of at most 10 bar, such as of at most 9, 8, 7, 6 or 5 bar, 
5 preferably of at most 4 bar, most preferably of at most 3 bar such as of at most 2.5 bar. 

Adsprt)^nt 

In the present context the term "adsorbent" relates to the entire bed present In the 
chromatographic column and the term "adsorbent particle" ana used Intenrhangeably with 
10 the term "partlde" and relates to the Individual single particles which makes up the 
adsorbent. 

Generally, the term "adsorbent" Is meant to characterize any suitable adsorbent used In 
chromatographic processes such as adsorbents suitable for ion-exchange 
15 chromatography, protein A and Protein G affinity chromatography, other affinity 
chromatography, hydrophobic chromatography, reverse phase chromatography, 
thIophlHc adsorption chromatography and mixed mode adsorption diromatography 
and the like. 

20 The flow rate, the size of the particles and the density of the particles all have influence on 
the expansion of the fluid bed and It is Important to control the degree of expansion In 
such a way to keep the particles inside the column. The degree of expansion may be 
determined as H/HO, where HO is the height of the bed In packed bed mode and H Is the 
height of the bed fn expanded mode. In a preferred embodiment of the present Invention 

25 the degree of expansion H/HO is in the range of 1.0-20, such as 1.0-10, e.g. 1.0-6, such 
as 1.2-5, e.g. 1.5-4 such as 4-6, such as 3-5, e.g. 3-4 such as 4-6. In an other preferred 
embodiment of the present Invention the degree of expansion H/HO is at least 1.0, such as 
at least 1.5, e.g. at least 2, such as at least 2.5, e.g. at least 3, such as at least 3.5, e.g. 
at least 4, such as at least 4.5, e.g. at least 5, such as at least 5.5, e.g. at least 6, such as 

30 at least 10, e.g. at least 20. 

The particles size analysis performed and referred to throughout the description and the 
examples is based on an computerised Image analysis of the bead population giving the 
number of particles at any given particle diameter In relation to the total number of 
35 partSdes analysed In the specific measurement. Typically the total number of partldes 
analysed will be (n the range of 250-500 partldes). These parttele size data may be 
transferred Into the volume percent represented by each partlde stee by a routine 
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mathematlcat transforrrfation 
this to the total volume 



The particle size dlstrlbilitii 
than 90% of the partlcli *s 
more preferable betwec n 
between 50-150% of tli e 



bet 



apfily 



Traditionally packed 
10 enables an efFfclent 
It is not pc^fble to 
analytical applications 
At flow rates higher 
Increase and the bed 
15 to be processed the 
construction of columni 
distribution of the 
has a great impact on 



materials have a mean diameter less than lOO microns, which 
binfling of the protein. Their disadvantage Is their high flow resistance, 
flow rates higher than 500 cm/hr, which is not a problem in 
dut for large scale processing it becomes a limiting factor, 
than 500 cm/hr the pressure drop over the column material will 

h« sight will be the limiting factor. If large amounts of substances are 
diarneter of the column should be rather large. This requires 
of high standard in order to meet the required adequate 
substances and with stand the high pressures. TTie cost of such column 
the process economy. 



20 Also the level of clarification 
padced beds work as 
the feed Is thoroughly 



In the event where 
25 adsorbent particle Is foijind 
to the maximal degree 
column (e.g. H/HO max 
g/mL, still more prefer; 
most preferably at leas ; 



30 



As stated, the process 
still achieving high 
This may at least In 
particle. In a 
35 mean particle size of at 
pm, more particularly 
particularly at most 80 
particle has a mean 
100| such as 40"75t e. 
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of the data, calculating the volume of each bead and relating 
occupied by all beads counted in the measurement. 



ion according to the Invention \s preferably defined so that more 
are found between 20-500% of the mean particle diameter, 
50-200% of the mean particle diameter, most preferable 
mean partlde diameter. 



of the feed stream also affects the pressure drop. Traditional 
filters that can dog, resulting in increased pressure drop unless 
diarified. 



d< ipth 1 



the chromatographic column is an EBA column, the density of the EBA 
to be hIgMy significant for the applicable now rates in relation 
of expansion of the adsorbent bed possible Inside a typical EBA 
3-5) and must be at least 1.3 g/mL, more preferably at least 1.5 
biy at least 1.8 g/mL , even more preferably at least 2,0 g/mL, 
2.3 g/mL in order to enable a high productivity of the process. 



of the Invention may be operated with use of high flow rates, while 
productivity and efficient adsorption of bio- molecules to the adsorbent, 
pai t be due to limiting the mean particle diameter of the adsorbent 
preferred lembodlment of the present invention the adsorbent particle has a 
most 200pm, such as at most 150 pm, particularly at most 120 
dt most 100 pm, even more particularly at most 90 pm, even more 
pm, even more particularly at most 70 pm. Typically the adsorbent 
pa(tide stee In the range of 40-150 pm, such as 40-120 pm, e.g. 40- 
40-50 pm. For packed bed methodology, the adsorbent partlde 
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size may however not 
mean particfe size of a 
\xrUf more parti'cufaHy 



11 

36 In the lower range, but such that the adsorbent particle has a 
most 200pm, such as at most ISO pm, particularly at most 120 
( it most 100 pm, even more particularly at most 90 pm 



5 Alternatively expressec 
particles, wherein 
particularly at most 17R 



The particle size as referred to herein relates to the longest distance as can be measured 
10 on the particle. 



pnf erred 



In a combination of 
pm or (esSf the particle 
When the average particle 
15 g/mL or more preferab e 
than 75 pm the density 
most preferabie at leas C 



The high density of the 
20 certain proportion of a 
least 4.0 g/mL, such a< 
In the range of about 4 
such as 12-19 g/ml, e 
g/ml. 



25 



The high density of the 
certain proportion of a 
least 4.0 g/mL, such a2 
in the range of about 4 
30 such as 12-19 g/ml, e 
g/mK 



Subsequently, the bio-t^orecular 
interest are adsorbed. 
35 from the column during 



In a preferred embodMent 
at least 1.5 g/mt, such 
g/ml, such as at least 
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r in suitable embodiments of the invention the adsorbent is made of 
of the number of particles has a partide size of at most 200 |im, 
, 150, 120, 100, 90, 80 or at most 70 pm. 



embodiments, where the average particle diameter Is 120 
density Is at feast 1.6 g/mL, more preferably at least 1.9 g/mL. 
diameter is less than 90 pm the density must be at least 1.8 
at least 2.0 g/mL. When the average partide diameter is less 
must be at least 2.0 g/mL, more preferable at least 2.3 g/mL and 
2.5 g/mL. 



adsorbent particle is, to a great extent, achieved by inclusion of a 
jense non-porous core materiaLs, preferably having a density of at 
at least 5.0, Typically, the non- porous core material has a density 
0-25 g/mi, such as about 4.0-20 g/ml, e.g. about 4.0-15 g/mL, 
\. 14-18 g/ml, such as about 6.0-15.0 g/mL, e.g. about 6.0-10 



adsorbent particle Is, to a great extent, achieved by inclusion of a 
iense non-porous core materiafs, preferably having a density of at 
at least 5.0, Typically, the non-porous core material has a density 
0-25 g/ml, such as about 4.0-20 g/ml, e.g. about 4.0-15 g/mL, 
! I. 14-18 g/ml, such as about 6.0-15.0 g/mL, e.g. about 6.0-10 



containing fluid is loaded and the bio- molecules of 
1 ^articulate material and soluble Impurldes are optlonaUy removed 
the wash. 



of the present invention the adsorbent particle has a density of 
is at least 1.8 g/ml, e.g. at least 2.0 g/m), such as at least 2,5 
g/ml, e.g. at least 3.0 g/ml, such as at least 3.5 g/ml, e.g. at 
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least 4.0 g/ml^ such < 
at least ISg/ml. 



as at least 5 g/ml, e.g. at least 7 Qfm\, such as at least 10 g/ml, e.g. 



The density of an adsoibent 
5 fUlly solvated (e.g. hyd ated) 



The adsorbent particle 
to the blo-molecular 
capacity in contrast to 
10 surface resulting In rel 
array of different 



ised according to the invention must be at teast partly permeable 
substance to be Isolated in order to ensure a significant binding 
mpermeable particles that can only bind the target molecule on Its 
tively low binding capacity. The adsorbent particle may foe of an 
strudjures, compositions and shapes. 



pa rticles 



Thus, the adsorbent 
porous materials havinji 
15 flow rates per se. The 
92/00799, having at 
the pellicular type havlhg 



In the present context 
20 material, which 
together by the 
density particles held 



1 compri ^es 



In the present context 
25 wherein each particle 
the porous polymeric 
agarose. 



Accordingly the term "i 
30 pellicular core, comprfs 
conglomerate core 



12 



particle Is meant to describe the density of the adsorbent In its 
state as opposed to the density of a dried adsorbent 



may be constituted of a numtxer of chemically derivatised 
the necessary density and binding capacity to operate at the given 
I larticles are either of the conglomerate type, as described in WO 
two non-porous cores surrounded by a porous material, or of 
a single non-porous core surrounded by a porous material. 



the term "conglomerate type" relates to a partide of a particulate 
beads of core material of different types and sizes* held 
polymrfrlc base matrix, e.g. an core particle consisting of two or more high 
t >gether by surrounding agarose (polymeric base matrix). 



the term "pellicular type" relates to a composite of particles, 
c onslsts of only one high density core material coated with a layer of 
matrix, e.g. a high density stainless steel bead coated with 



least one high density non-ponous core" relates to either a 
tng a single high density non-porous particle or it relates to a 
conf prising more that one high density non-porbus partide. 



The adsorbent particle, as stated, comprises a high density non-porous core with a port»us 
material surrounding t le core, and said porous material optionally comprising a ligand at 
35 Its outer surface. 



In the present context! the 
partides present insidt k 



term **core" relates to the non-porous core particle or core 
the adsorbent particle. The core particle or core particles may be 
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Incidental distributed 
centre of the adsorberk 



v{rlthln the porous material and Is not limited to be located iri the 
particle. 



The non-porous core 
5 adsorbent particle. 



c 3nstitutes typically of at most 50% of the total volume of the 
su(|h as at most 40%, preferably at most 30%. 



alloys, etc. as long as 
10 materials are metal sil 



13 



Examples of suitable nDn-porous core materials are inorganic compounds, metals, heavy 
metals, elementary no i-metals, metal oxides, non metal oxides, metal salts and metal 
:he density criteria above are fulfilled. Examples of such core 
cates metal borosillcates; ceramics including titanium diboride, 
titanium carbide, zirco lium diboride, zirconium carbide, tungsten carbide, silteon carbide, 
alumfnum nitride, sHIc m nitride, titanium nitride, yttrium oxide, silicon metal powder, and 
molybdenum disilide; netal oxides and sulfides. Including magnesium, aluminum, 
titanium, vanadium, chromium, zirconium, hafnium, manganese. Iron, cobalt, nickel, 
15 copper and sih/er oxidi 5; non-metal oxides; m^l salts. Including barium sulfate; metallic 
elements, including tu igsten, zirconium, titanium, hafnium, vanadium, chromium, 
manganese, iron, cobz it, nickel. Indium, copper, sliver, gold, palladium, platinum, 
ruthenium, osmium, rj lodlum and \rWum, and alloys of metallic elements, such as alloys 
formed between said r metallic elements, e.g. stainless steel; crystalline and amorphous 
20 forms of carbon, Induillng graphite, carbon black and charcoal. Preferred non-porous core 

carbamide, tungsten, steel and titanium beads such as stainless 



materials are tungster 
steel beads 



Tlie porous material is 
25 multiple (or a single) 
llgand. 



a polymeric base matrix used as a means for covering and keeping 
c ore materials together and as a means for binding the adsorbing 



TYie polymeric base mhtrix 
organic polymers, typically 

30 other carbohydrate ba sed 1 
arable, gum ghatti, gu 
agaroses, celluloses, 
starches, hydroxypropl^l 
hydroxypropyl cellulos as, 

35 monomers resulting ir 
polyesters, poiyethers 
derivatives thereof, as 
functionally^ and 



may be sought among certain types of natural or synthetic 
selected from I) natural and synthetic polysaccharides and 
Jed polymers. Including agar, alginate, carrageenan, guar gum, gum 
Ti tragacanth, karaya gum, locust bean gum, xanthan gum, 
F ectlns, mucins, dextrans, starches, heparins, chltosans, hydroxy 
starches, carboxymethyi starches, hydroxyethyi celluloses, 
;, and carboxymethyi celluloses; li) synthetic organic polymers and 
polymers, including acrylic polymers, polyamides, polyimides, 
polymeric vinyl compounds, polyalkenes, and substituted 
well as copolymers comprising more than one such polymer 
derivatives thereof; and iiO mbcture thereof. 



subsi ituted 
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A preferred group of polymeric base matrices are potysaccharldes such as agarose. 

From a productivity point of view it is important that the adsorbent is able to bind a high 
amount of the bfo-molecule per volume of the adsorbent. 



The preferred shape of 
shape of the particles 



have other types of ro jnded shapes, e.g. ellipsoid, droplet and bean forms. However, for 



certain applications (e 



10 preferred that at least 95% of the particles are substantially spherical. 



Preparation of the 
various methods knov^ 
sidifed In the art, see 

15 polymerisation of 
suspension gelation 
or by addition of gelat 
carrageenans); block 
linking of dextrcins, 

20 epichlorohydrin or 
solutions (e.g. btock 
gelation; spraying 
cooling emulsions of 
heated oil solvents; or 

25 a suitable monomer 



mofi omers; 



of gel- 



or J 



celluloses. 



O' 



pro ^dures; 



according 



In a particularly suitakjie 
particulate material 
as the polymeric base 

30 mbcture of agarose in 
transferring the mixtui^ 
vigorous stirring (optl<{nally 
It will be appreciated 
of polymeric base matHx 

35 adjusted by varying 
the primary production 
further defined by siev 



a single adsorbent partlde is substantially spherical. The overall 
Is. however, normally not extremely critical, thus, the particles can 



g. when the particles are used in a fluidlsed bed set-up), it Is 



particulate material according to the invention may be performed by 
n per se (e.g. by conventional processes known for the person 
g. EP 0 538 350 Bl or WO 97/17132. For example, by block 
; suspension polymerisation of monomers; block or 
forming materials, e.g. by heating and cooling (e.g. of agarose) 
on "catalysts" (e.g. adding a suitable metal Ion to alginates or 
suspension cross-linking of sulrable soluble materials (e.g. cross 
or starches or gelatines, or other organic polymers with e.g. 
dlvi^yl sulphone); fonnation of silica polymers by acidification of silica 
suspension solutions); mixed procedures e.g. polymerisation and 
and fluid bed coating of density controlling particles; 
djansity controlling particles suspended In polymeric base matrices In 
by suspending density controlling particles and active substance In 
copolymer solution followed by polymerisation. 



embodiment generally applicable for the preparation of the 

to the Invention, a particulate material comprising agarose 
matrix and steel beads as the core material Is obtained by heating a 
vater (to about 95«C), adding the steel beads to the mbcture and 
to a hot oil (e.g. vegetable oils), emulsifying the mixture by 

by adding a conventional emutslfier) and cooling the mixture, 
the person skilled In the art that the particle size (I.e. the amount 
(here: agarose) which Is Incorporated in each particle can be 
i speed of the mixer and the cooling process. TVplcaity, following 
of a partlde preparation the particle size distribution may be 
Ing and/or fluid bed elutrtatlon. 
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The porous matrix, such as polymer agarose, is typically chemically derlvatised with a low 
molecular weight compound referred to herein as the tigand and the adsorbent comprises 
a ligand with affinity to proteins. The ligand constitutes the adsorbing funcUonallty of the 
adsorbent media or the polymeric backbone of the adsorbent particle has a binding 
5 functionality Incorporated per se. Well-known ligand chemistries such as cation 

exchangers, e.g. suiphonic add, have been proven to be efficient tools for purification of 
whey proteins such as lactoferrin and lactoperoxidase. These proteins are positively 
charged, even at neutral pH, and selective interaction with a cation exchanger can be 
obtained. Other proteins require more sophisticated binding interaction with the ligand in 
10 order to obtain a selective adsorptton. 

Such affinity figands, like the chargeable moieties, may be linked to the base matrix by 
methods known to the person skilled in the art, e.g. as described in "Immobilized Affinity 
Ugand Techniques" by Hermanson et al.. Academic Press, Inc., San Diego, 1992. In cases 

15 where the polymeric base matrix do not have the properties to fiinctkin as an active 

substance, the polymeric base matrix (or matrices where a mixture of polymers are used) 
may be derlvatised to function as an active substances in the procedures of activatton or 
derivatisation. Thus, materials comprising hydroxylr amino, amide, carboxyl or thiol groups 
may be activated or derlvatised using various activating chemicals, e.g. chemicals such as 

20 cyanogen bromkle, dlvlnyl sulfone, epichlorohydrin, bisepoxyranes, dibromopropanol, 
glutaHc dialdehyde, carbodlimldes, anhydrides, hydrazines, perlodates, b^zoquinones, 
triazlnes, tosyiates, tresylates, and dlazonlum Ions. 

Specifically preferred methods for chemical derivatizaUon and specific ligands applicable 
25 according to this Invention is described In WO 98/08603. 

In order to ensure an optimal adsorption strength and productivity of the adsorbent it has 
been found that the ligand concentration on the adsorbent is very significant. Thus, in a 
suitable embodiment, the adsorbent carries ligands for adsorption of the biomolecular 
30 substan^ in a concentration of at least 20 nM, such as at least 30 mM or at least 40 mM, 
preferably at least 50 mM and most preferably at least 60 mM. 

A subset of adsorbents may be characterised In terms of their binding capacity to bovine 
serum albumin (BSA). This subset of adsorbents are typically those comprising a ligand 
35 selected from the group consisting of i) ligands comprising aromatic or heteroaromatic 
groups (radicals) of the following types as functional groups: benzoic acids such as 2- 
aminobenzoic acids, 3-amlnobenzoic acids, 4-aminobenzolc acids, 2-mercaptobenzoic 
adds, 4-amlno-2-chlorobenzoic acid, 2-amino-5-chiorobenzoIc acid, 2-amlno-4- 
chlorobenzolc acid, 4-aminosallcyllc acids, 5-amlnosaiIcync acids, 3,4-diaminoben2a)ic 
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acids, 3,5-diaminobenzoic acid, 5-aminoisophthalic add. 4-aminophthalic acid; dnnamic 
acids such as hydroxy-dnnamic adds; nicotinic acids such as 2-mercaptonlcotlnlc adds; 
naphthoic adds such as 2-hydroxy-l-naphtholc add; quinollnes such as 2- 
mercaptoqulnoline; tetrazolacetic adds such as 5-mercapto-l-tetrazolacetic add; 
5 thiadiazols such as 2-mercapto-5-methyl-l,3,4-:ihiadla20l; benzfmidazols such as 2-amino- 
benzlmidazol, 2-mercaptobenzlmidazol« and 2-mercapto-5-nitrobenzlnildazol; 
benzothlazols such as 2-amlnobenzothlazol, 2-am{no-6 nltr^ben2othlazol, 2- 
mercaptobenzothiazol and 2-mercapto-6-ethoxybenzothiazol; benzoxazols such as 2- 
mercaptobenzoxazol; thiophenols such as thiophenol and 2-amlnothiophenot; 2-(4- 

10 amlnophenylthio)acetlc add; aromatic or heteroaromabc sulfonic acids and phosphonlc 
adds, such as l-amlno-2-naphthof-4-sutf6nlc add and phenols such as 2-amino-4-nltro- 
phenol. It should be noted ttiat the case where M is agarose, SPl is derived from vinyl 
sulfone, and L Is 4-amlnobenzoic add is spedflcally disdalmed In relation to the soHd 
phase matrices according to the Invention^ cf. WO 92/16292, most preferably amlno- 

15 benzoic adds lllce 2-amino-benzoic add, 2-mercapto-ben2oic add, 3-aminobenzoic add, 4- 
amlnobenzolc add, 4-amino-2-chlorc^enzolc acid, 2-amino-5-chloroben2olc add, 2-amino- 
4-chlorobenzolc add, 4-amlnosallcyllc adds, 5-amfnosaHcyllc adds, 3,4-dlamlnobenzoic 
adds, 3,5-dlamlnobenzolc add, 5-5-amlnoisophthaIlc add, 4-amlnophthal!c add; II) ligands 
comprising 2-hydroxy-dnnamlc adds, 3-hydroxy-dnnamlc add and 4-hydroxy-clnnamlc 

20 add III) ligands comprising a carboxyllc add and an amino group as substituents such as 2- 
amlno-nicotlnic add, 2-naercapto-nicotInic add, 6-amino-nlcotlnlc acid and 2-dmino-4- 
hydroxypyrlmldine-carboxyllc add iv) ligand comprising radicals derived from a benzene 
ring fused with a heteroaromatic ring system, e.g. a ligand selected from benzimidazoles 
such as 2-mercapto-benzimldazol and 2-mercapto-5-nltro-benzlmldazol; benzothlazols 

25 such as 2-amlna-6-nltrobenzothiazol, 2-mercaptobenzothiazol and 2-mercapto-6- 

ethoxybenzothiazol; benzoxazols such as 2-mercaptoben2oxazol;and v) ligands chosen 
from the group of thiophenols such as thiophenol and 2-amlnothiophenol. 

Within the embodiment wherein the ligand Is selected from group l)-v), the adsorbents 
30 typically have a dynamic binding capacity of at least 10 g of blomolecular substance per 
litre, more preferably at least 20 g per litre, stIH more preferable at least 30 g per litre 
when tested according to the process conditions used in the relevant application. The 
binding capadty of the adsorbent may be determined In terms of Its binding capadty to 
bovine serum albumin (BSA). The binding capadty is typically such that at least lOg/L of 
35 BSA binds according to test Method A. 

Method A is a method used for determination of the bovine albumin binding capadty of 
selected adsorbents consisting of the following process: 
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Bovine serum aibumir 
7906, Srgma, USA) Is 
citrate pH 4.0 
and drained on a suet 



Adsorb snts 



A sample of 1.0 ml su|:tfon 
addition of 30 ml of 
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solution pH 4.0 (BSA pH 4s0): Punned bovine serum albumin (A 
dissolved to a flnal concentration of 2 mg/mt In 20 mM sodium 

are washed with 50 volumes of 20 mM sodium citrate pH 4.0 
on filter. 



drained adsorbent Is placed In a 50 ml test tube followed by the 
, pH 4.0. 



The test tube is then closed with a stopper and the susoension tncul>dted on a roller mixer 
10 for 2 hours at room temperature {20-25 "C). The test tube is then centrihiged fbr 5 min. at 
2000 ftPM in order to sediment the adsortient completely. The supernatant Is then isolated 
from the adsorbent by pipetting Into a separate test tube, avoiding the cany-over of any 
adsorbent partldes and filtered through a small non-adsorbing 0.2 nm filtre (MilHpore« 
USA), Following this a determination of the concentration of non-bound BSA in the 
15 supernatant is performed by measuring the optical density (OD) at 280 nm on a 
spectrophotometer. 



The amount of BSA bound to the adsorbent is then calculated according 
to the following formula: 
20 mg BSA bound per mi suction drained adsorbent ~ 

(1-(0D of test supernatant/OD of BSA starting solution)) x 60 mg BSA/ml adsorbent. 



Washing 

In a preferred embodiment the washing liquid is water e.g. tap water, demineralised 
25 water, water produced by reverse osmosis or distilled water. 

In a preferred embodiment of the present Invention the flow rate used for the washing 
steps involved Is selected from the ranges outlined previously for conventional 
methodologies. These are generally much lower than the linear flow rate used when 
30 loading the blo-molecule containing fluid onto the column. 

Elution 

The one or more bio-moiecule(s) of interest is/are released from the adsorbent using an 
eluent such as a buffer or any other solution capable of changing for example the pH 
35 within the column and which produces a generally dear and concentrated solution of the 
one or more blo-molecuie(s). 

Appropriate eluents depend on the type of adsorbent and the elution may be performed by 
any method conventionally described and icnown in the art. 
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In some embodiments of the invention, wherein the fafo-molecule is a protein, the eiution 
of the adsorbed protein is performed with a solution, typically selected from the group 
consisting of dilute base, dilute add, and water. In the embodiment wherein the eluting or 
5 washing step is performed with such a solution, the solution is dilute so as to minimise the 
amount of salt and other unwanted substances present In the eluted product* 

Thus, In a preferred embodiment the dilute acid or base used for elutlon of the bio- 
nrtolecule has a salt concentration of less than bO mM, preferably less than 30 mM^ even 
10 more preferable less than 20 mM. The determination of the salt concentration is performed 
directly on the eluate fraction containing the protein or proteins to be isolated without 
additional dilution of the eluate fraction. Common, low cost and non^toxlc acids and bases 
are applicable. Specifically preferred are the bases sodium hydroxide (NaOH), potassium 
hydroxide (KOH), calcium hydroxide (Ca(OH)2), ammonium hydrxxxlde (NH4OH). 



15 



In a preferred embodiment of the present Invention the flow rate used for the elutlon step 
or steps involved is selected from the ranges outlined previously for applying the protein- 
containing mixture to the adsorbent column. 



20 EXAMPLES 
Example 1. 

Isolation of Lactoferrin (LF) from skimmed milk using expanded bed adsorption 
chromatography at lO'C versus 50*C: 

Non-pasteurised skim milk with pH 6.6 was obtained from a locar dairy company 

25 

Adsorbent 

PastUne SP, product number 900-1600 UpRont Chromatography. 

The adsorbent Is based on agarose with tungsten carbide particles incorporated, density of 
approximately 2.9 g/ml, particle size in the range of 40-200 pm with a mean partlde size 
30 of 80pm, strong cation exchanger comprising sulfonic groups. 

Pre-treatment of the non-pa^t eurfsed skimn^ e^ mill< 

For running the experiment at 10°C the skimmed milk was equilibrated to a temperature of 
lO^'C and kept at lO^'C during the experiment. 

35 
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For running the experiment at SCC the sktrnmed mtlk was pumped through a heat 
exchanger to reach 5(f C before it was loaded onto the column. No pH adjustment was 
performed. 

5 Erocess par^msters 

The experiment was performed In a FastUne^SOO expanded bed column (0a;3O cm) 
product number 7300-0000, UpFront Chromatography. 

Ttie column was packed with a sedimented bed height of 15 cm of adsorbent (10.6 1) and 
10 equilibrated with demlneralised water at 10°C and 50**^ respectively. 

3180 I of the skimmed milk was loaded onto the column with a linear flow rate of 1.500 
cm/hr. 

15 The column was washed with aqueous buffer pH 6.5 containing 25 mM of sodium citrate 
and 0.15 M of sodium chloride. Lactofenin was then eluted using a solution of 20mM 
sodium hydroxide. 

Detemaination of t^ctoferrin 
20 The concentration of lactofeirin in the eluate was determined by Single Radial 

Immunodiffusion (RID} using goat anti-bovine lactofenrin from Bethyl Laboratories inc. (1 
Ml per cm^) as described In Scand. J. Immunol. Vol. 17, Suppl. 10, 41-56, 1983- 
The concentration was calculated from a standard curve produced with well know 
concentrations of lactoferrin from Sigma (cat. no. L 9507). 

25 

Results 

The table below shows the volumes of skimmed milk and buffers loaded onto eath column: 



Fraction 


Process running at 
lO^C 


Process running at 
50X 


Volume of skimmed milk 
loaded, litres 


3180 


3180 


Volume of washing 
solutions, litres 


174 


210 


Elution of lactoferrin, 
litres 


105 


114 


Total volume processed, 
litres 


3459 


3504 


Process time, hr 


3.26 


3.31 
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The actual flow rale through the columns Is 100 \/hr/\ of adsorbent. 



The table below shows the results from the two experiments. (LF « Lactoferrtn) 



Temperature 


gLFIn 
eluaie 


Adsorbent capacity 
g LF/I adsorbent 


Expansion of 

adsorbent 
during load of 
skimmed milk 


Productivity 

gLF/l 
adsorfoent/hr 


10 


244 


23 


10 times 


7.1 


50 


461 


44 


4 times 


13.2 



5 



The results show that the productivity, as presented by the amount of Lactoferrin Isolated 
per litre adsorbent In one hour. Is higher when the process Is operated at 50°C than when 
operated at ID^C. 

10 Example 2 

Isolation of lactoferrin from non-pasteurised skimmed milk using expanded bed 
chromatography at linear flow rates of 1,500, 2,100 or 3,000 cm/hr at 50^0. 

All condittons except for the flow rates were the same as described In example 1. 

15 

Regults 

The table below shows the volumes of skimmed miik and buffers loaded onto each column: 



R^aion 


Process running 
at 1500 cm/hr 


Process running 
at 2100 cm/hr 


Process running 
at 3000 cm/hr 


Volume of skimmed milk 
loaded, litres 


3180 


3 ISO 


3180 


Volume of washing 
solutions, litres 


210 


232 


302 


Elution of lactoferrin, 
litres 


114 


115 


192 


Total volume processed, 
litres 


3504 


3527 


3674 


Process time, hr 


3.3 


2.4 


1.7 



- 20 
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The table below shows the results from the three experiments. (LF = Lactoferrin) 



Flow rate 


Volume 




Adsorbent 


Expansion of 


Productivity 


cm/hr 


loaded 


eluate 


capacftY 


adsorbent 


gLF/l 




Vhr/J 




gLF/i 


during load of 


adsorbent/hr 




adsorbent 




adsorbent 


skimmed milk 




1,500 


100 


466 


44 


3.9 times 


13.3 


2,100 


140 


456 


43 


4.4 times 


17,9 


3,000 


200 


445 


42 


8 times 


24.7 



The results show that when operating the expanded bed column at 50"C and the linear 
flow rate Increase from 1500 to 3000 cm/hr, the process productivity and volume loaded 
5 per hour per litre of adsorbent Increases signlficanUy. 



Exantple 3 

Isolation of lactoferrin from sweet whey using expanded bed adsorption chromatography at 
16^C versus 50**C. 

10 

Process parameters 

The experiment was performed in a FastUne'^SOO expanded bed column (0»3O cm) 
product number 7300-0000, UpFront Chromatography. 

15 A column was packed with 15 cm of acfeorbent (10.6 1) and equilibrated with demlnerallsed 
waterat iS'CorSO'C. 

3180 I of sweet whey was loaded onto the column with a linear flow rate of 900 and 1,500 
cni/hr, respectively. 

20 

The column was washed with aqueous buffer pH 6.5 containing 25 mM of sodium citrate 
and 0.30 M of sodium chloride. Lactoferrin was then eluted using a solution of 20mM 
sodium hydroxide. 

25 
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Results 

The table below shows the volumes of sweet whey and buffers loaded onto each column: 



Fraction 


1 Process at flow 
rate 1500 cm/hr. 


Process at flow 
rate 2100 cm/hr, 
50'C 


Volume of skimmed milk 
loaded, litres 


3180 


3180 


Volume of washing 
solutions, litres 


75 


180 


Hutlon of lactofenin, 
titres 


73 


150 


Total volume processed. 
Hires 


3328 . 


3510 


Process time, hr 


3.1 


2.4 



The table below shows the results from the two experiments. (LF = Lactofenin) 



Plow 


Volume 


T 


gLFin 


Adsorbent 


Expansion of 


Productivity 


rate 


loaded 


*C 


eluate 


capacity 


adsorbent 


9LF/I 


cm/hr 


l/hr/l 
adsorbent 






gLF/i 

adsorbent 




adsort)enVhr 


1,500 


100 


16 


167 


15.8 


4 times 


5.1 


2,100 


140 


50 


158 


14*9 


3.3 times 


6.2 



The results indicate that It Is possible to increase the flow rate from 1,500 to 2,100 cm/hr 
if the temperature is increased from 16 to 50*C and stilt obtain a high productivity. 

10 



Example 4 

Isolation of whey proteins from sweet whey using expanded bed adsorption, 
at 1,500 cm/hr. 

15 Sweet whey was obtained from a iocal dairy company pH 6.3. 
Ad^prbpnt 

FastUne PRO, UpFront Chromatography. 
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The adsorbent is based on agarose with tungsten carbide particles incorporated, density of 
approximately 23 g/m\, partlde size in the range of 40-200 pm with a mean particle size 
of 80pm. The adsorbent comprises a mb(ed mode Ifgand comprising an aromatic ring 
structure with a carboxylic acid substltuent. The adsorbent binds molecules in the pH 
5 range of 3 to 6. the molecules are reieased by Increasing the pH in the elution buffer to 
above 7. 

Pre-treatment nf sweet whey 

For running the experiment at 50 *C the sweet whey was pumped through a heat 
10 exchanger to reach 50 before it was loaded onto the column. 

pH was adjusted to 4.7 with 1 M hydrochloric add. 

Process parametef s 

15 The experiment was performed in a FastLine^SOO expanded bed column (0a=3O cm) 
product number 7300-0000, Upfront Chromatography. 

The column was packed with 15 cm of adsoiiient {10.6 1) and equilibrated with 
deminerallsed water at 50°C. 

20 

160 I of sweet whey was loaded onto the column with a linear flow rate of 1,500 cm/hr. 
The volume flow through from the column was collected In three fractions. 

Non-bound material was washed out with deminerallsed water (290 I). The bound proteins 
25 were eiuted in two steps. 

Step 1: 50 mM adipic add, 0,1 mg/ml SDS (sodium dodecylsuifate) pH 5.3 (275 I). 
Step 2: 20 mM ISlaOH (117 1). 

Results 

30 Bach fraction from the experiment was tested with SDS-PAGE to evaluate the cnntent and 
nature of proteins. 

For SDS PAGE, Invitrogen SDS Page 4-20 % Tris-Glydne gel (cat no. EC6025) was used, 
35 Sample preparation: 25pl sample and 25pi sample buffer Tris-Glydne Invitrogen (cot no. 
LC2676) was mixed and boiied for 5 minutes in a water bath. The running buffer 0.024 I"! 
Tris (Sigma T1378), 0.19 M Glycine (Merck 5001901000), 0.1 % SDS (Sodium dodecyl 
sulphate, JT Balcer 2811) pH 8.6 was added. 
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20 pi sample was applied in each analysis slot and the power was adjusted to give a 
current of 40 mA. When the blue line from the sample buffer reached one cm from the 
bottom of the gel the power was turned off and the gel was stained overnight In 
5 Invltrogens Colloidal Blue Staining Kit (cat. no. LC 6025) on a shaking table. The next day 
the gel was transferred into water and de-stalned In water for 2 hours. 

Figure 1 (SD5-PAGE) shows that protein content is highly reduced In the three flow- 
through fractions from the column^ the major part of the immunoglobulin bovine serum 
10 albumin* p-lactoglobulin and a-lactaibumin is bound to the adsorbent (lane 2-4) 

In elution step 1: 50 mM adlpic add| 0.1 mg/ml SD5 (sodium dodecyisulfate) pH 5.3, all 
the bound, ^-lactoglobulin Is recovered (lane 6,flgure l). 

In elution step 2: 20 mM all the bound the Immunoglobulin G, bovine serum albumin and 
a-lactalbumin is recovered (lane 7, figure 1). 
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25 Modtaget PVS 

. 2 1 MRS. 2003 

CLAIMS 

1. A process for isolation of one or more bio-motecule(s) from a blo-molecufe containing 
fluid comprising tlie steps of: 

5 a) optionally adjusting the pH of the bio^molecule containing fluid; 

b) optionally bringing the bio-molecule containing fiuld to a temperature of 
between 45''C to 80''C; 

10 c) applying a volume of said bio-molecule cxintaining fluid to a chromatographic 

column comprising an adsorbent, said chromatographic column is operated with a 
temperature of between 45*'C to 80''C and a linear flow rate of at least 1.500 
cm/hour; 

15 d) optionally washing the column; 

e) eluting at least one blo-molecule from the adsorbent. 

2. The process according to daim 1« wherein the chromatographic column Is a large-scale 
20 chromatographic column comprising at least 10 I of sedlmented adsorbent. 

3. The process according to any one of claims 1 or 2, wherein the chromatographic column 
is a large-scale chromatographic column comprising from about 50 to 100 I of sedlmented 
adsorbent, prderably from about 100 to 1000 I of adsorbent, more preferably firom about 

25 200 to 900 I of adsorbent, most preferably from about 300 to 800 1 of adsorbent. 

4. The process according to any of the preceding claims, wherein the chromatographic 
column has a diameter of at least 10 cm, preferably of at least 20 cm, more preferably in 
the range of from about 50 cm to 200 cm, such as 100 to 150 cm. 

30 

5. The process according to any of the preceding claims, wherein the one or more blo- 
molecule(s} has a molecular weight of at least lOOO Daltons, preferably of at least 1500 
Daitons, more prefierably of at least 2000 Daltons. 

35 6. The process according to any of the preceding daims, wherein the one or more bio* 
molecule(s) is/are selected from the group consisting of peptides, proteinis, lipids, 
lipoproteins, polysaccharides, cell constituents, cells and combinations thereof. 
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7. The process accordfng to claim 6, wherein saki proteins is selected from the group 
consisting of lactoferrfn, p-lactoglobulin, o-lactalbumin and lactoperoxida$e« 

8. The process accordfng to claim 6, wherein said polysaccharide is starch. 

5 

9. The process accordfng to any of the preceding claims, wherein the blo-molecule 
containing fluid is selected from the group consisting of body fluids, fermentation fluids, 
waste water, process water, plant extracts, tissue extracts, synthesis mixtures and fluids 

10 derived therefrom. 

10. The process according to claim 8, wherein the body fluid Is selected from the group 
consisting of milk, plasma, urine, egg white and fluids derived therefrom. 

15 11. The process according to any of the preceding claims, wherein the adsorbent consists 
of adsorbent particles wherein 50% of the number of particles has a particle size of at 
most 200 pm, such as at most 175, 150, 120, 100 or 80pm. 

12. The process according to any of the preceding claims, wherein the adsorbent consists 
20 of adsorbent particles with a mean particle size of at most 200 )im, such as at nrtost 150 
pm, particularly at most 120 pm, more particularly at most 100 pm, even more 
particularly at most go pm^ even more partlcutariy at most 80 pm, even more particulariy 
at most 70 pm. Typically the adsorbent particle has a mean particle size in the range of 
40-150 pm, such as 40-120 pm, e.g. 40-100, sudi as 40-75, e.g. 40-50 pm. 

25 

13» The process according to any of the preceding claims, wherein the linear flow-rate is 
from about 1.500 to 12.000 cm/hr, preferably from about 1.800 to 10.000 cm/hr, such as 
about 3000 cm/hr. 

30 14* The process according to any of the preceding claims, wherein the volume applied is 
from about 2*3500 i/nrUn. 

15. The process according to any of the preceding claims, wherein the volume applied per 
litre of adsorbent In one hour is at least 50 1, preferably at least 100 t, nruire preferably at 

35 least 150 |/mln such as at least 200 l/min. 

16. The process according to any of the preceding claims, wherein the chromatographic 
column is an expanded bed adsorption column. 
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17. The process according to any of the preceding claims, wherein the chromatographic 
column is a packed bed adsorption column. 

18. The process according to daim 17, wherein the pressure measured over the 

5 chromatographic column is at most 10 bar, such as at most 9, S, 7, 6 or 5 bar, preferably 
of at most 4 bar. most preferably of at most 3 bar such as of at most 2.5 bar* 
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Figure 1. 

Iimmunogtobulin G 



Bovine seruiti albumin 




^ p-lactoglobulin 

a-iactalbumin 
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